Background: Patients with ST-segment elevation myocardial infarction (STEMI) who present without typical chest pain are associated with a poor outcome. However, whether angiographic characteristics are related to a higher risk of mortality in this population is unclear. This study aimed to investigate whether the higher mortality risk in patients with STEMI without chest pain could be explained by their "high-risk" angiographic characteristics. Methods: We used data of 12,145 patients with STEMI who was registered in China Acute Myocardial Infarction registry from January 2013 to September 2014. We compared the infarct-related artery (IRA), thrombolysis in myocardial infarction (TIMI) flow grade in the IRA, and other angiographic characteristics between patients without and those with chest pain. Multivariable logistic regression model was used to identify independent risk factor of in-hospital mortality. Results: The 2922 (24.1%) patients with STEMI presented without typical chest pain. These patients had a higher TIMI flow grade (mean TIMI flow grade: 1.00 vs. 0.94, P = 0.02) and a lower rate of IRA disease of the left anterior descending artery (44.6% vs. 51.2%, x 2 = 35.63, P < 0.01) than did those with typical chest pain. Patients without chest pain were older, more likely to have diabetes, longer time to hospital and higher Killip classification, and less likely to receive optimal medication treatment and primary percutaneous coronary intervention and higher In-hospital mortality (3.3% vs. 2.2%, x 2 = 10.57, P < 0.01). After adjusting for multi-variables, presentation without chest pain was still an independent predictor of in-hospital death among patients with STEMI (adjusted odds ratio: 1.36, 95% confidence interval: 1.02-1.83). Conclusions: Presentation without chest pain is common and associated with a higher in-hospital mortality risk in patients with acute myocardial infarction. Our results indicate that their poor prognosis is associated with baseline patient characteristics and delayed treatment, but not angiographic lesion characteristics. Clinical trial registration: NCT01874691, https://clinicaltrials.gov. characteristics and in-hospital mortality among patients with ST-segment elevation myocardial infarction presenting without typical chest pain: an analysis of China
Introduction
Although chest pain is the cornerstone of diagnosis for acute myocardial infarction (AMI), approximately onethird of these patients experience atypical symptoms other than chest discomfort. [1] Patients without chest pain were more common in female, older, and to present with non-ST-segment elevation myocardial infarction (STEMI). [2, 3] Additionally, patients without chest pain were associated with less evidence-based treatment and worse in-hospital outcomes. [4, 5] Coronary angiography is currently the most common method for interventional cardiologists to assess coronary lesions and make revascularization decisions. Angiographic lesion characteristics are important prognostic factors, which may contribute to the difference in outcome between patients with and without chest pain. However, to date, there have been few large-scale studies on angiographic characteristics of patients with STEMI without typical chest pain.
The current study aimed to describe and compare angiographic characteristics and in-hospital outcomes of patients with STEMI with typical chest pain vs. those without typical chest pain, and to examine whether there is a difference in prognosis between the two groups, and if so, whether it can be explained by angiographic characteristics.
Methods

Ethical approval
The study was approved by the Institutional Review Board Central Committee at Fuwai Hospital, National Center for Cardiovascular Diseases, China (No. 2012-431). Written informed consent was obtained from eligible patients before registration.
Study population
A detailed description of the China Acute Myocardial Infarction (CAMI) registry has been reported previously. [6] Briefly, the CAMI registry was a prospective, multi-center registry that was conducted in China. The CAMI registry enrolled Chinese patients who were diagnosed with AMI. A total of 107 hospitals covering 27 provinces and four municipalities in China participated in the project, assuring a good representation of Chinese patients with AMI. This project was registered at www.clinicaltrials.gov and the registration number was NCT01874691.
Between January 1, 2013 and September 30, 2014, a consecutive cohort comprising 26,591 patients were enrolled in the CAMI registry. Eligible patients were diagnosed with AMI in accordance with the third universal definition of myocardial infarction. [7] For our study, the inclusion criteria were patients who were diagnosed with STEMI and those who underwent primary or selected percutaneous coronary intervention (PCI). By extracting data from the CAMI registry, we identified a cohort of 12,345 patients who met the inclusion criteria. We excluded 200 patients with missing or invalid data on age, with a final cohort of 12,145 patients for analysis.
Data collection and definitions
In the CAMI registry, data were collected by local welltrained cardiologists and were submitted through a secure data capture system, which helped assure accuracy of the data. In our study, we extracted data on patients' demographics, clinical presentation, medical history, coronary angiographic characteristics, management, and inhospital mortality via electronic case report forms. Data on AMI symptoms in CAMI registry were collected in accordance with the American College of Cardiology Foundation (ACCF)/American Heart Association (AHA) Task Force on clinical data standards [8] and National Cardiovascular Data Registry Acute Coronary Treatment and Intervention Outcomes Network (NCDR ACTION) registry (http://www.NCDR.com). Symptoms presentation was registered as chest pain, chest pressure or discomfort, sweating, abdomen pain, back pain, jaw pain, dyspnea, syncope, sweating, nausea or vomiting. In our study, typical chest pain was defined as precordial or retrosternal chest pain lasting for more than 20 min, or other chest pressure or discomfort. Atypical symptom was defined as sweating, abdomen pain, back pain, jaw pain, dyspnea, syncope, sweating, nausea, or vomiting.
Coronary angiograms were interpreted by local interventional cardiologists. The thrombolysis in myocardial infarction (TIMI) flow grade was defined as previously. [9] The primary endpoint was all-cause in-hospital death. Other standardized definitions of the history and physical examinations are well described in the ACC/AHA Task Force on clinical Data Standards and the NCDR ACTION-Get With the Guidelines element dictionary. [10, 11] 
Statistical analysis
Continuous variables are presented as mean ± standard deviation or median (25th and 75th percentiles), and categorical variables are presented as counts (frequencies). The Student's t test and Chi-square test were used to examine the difference between the two study groups for continuous and categorical variables, respectively. The non-parametric median test was used for comparison of medians. We used multivariate analysis to investigate independent risk factors of in-hospital mortality. Univariate analysis was first performed to explore the association between each variable and in-hospital mortality. Then variables with P < 0.25 were fitted in the multivariate model using stepwise selection method with entry and exit criteria P < 0.05. We did not calculate sample size since this was a registry-based retrospective study and we wanted to enroll as many patients as possible. All P values were two-tailed, and a P value of <0.05 was considered statistically significant. All analyses were performed with the SAS 9.4 system (SAS Institute, Cary, NC, USA).
Results
Baseline characteristics
The 2922 (24.1%) STEMI presented without typical chest pain on admission. Patients without chest pain were significantly older (60.99 ± 11.78 years vs. 59.73 ± 11.80 years, t = -5.04, P < 0.01) and more likely to have diabetes (20.0% vs. 17.8%, x 2 = 7.32, P < 0.01) compared to patients with typical chest pain. Patients without chest pain had a longer time to hospital admission and higher Killip classification compared to patients with typical chest pain [ Table 1 ].
Angiographic characteristics
Patients without chest pain had a significantly higher proportion of infarct-related artery (IRA) disease of the right coronary artery (RCA) (42.9% vs. 36.9%, x 2 = 31.00, P < 0.01) and a lower rate of IRA disease in the left anterior descending coronary artery (44.6% vs. 51.2%, x 2 = 35.63, P < 0.01) compared to patients with chest pain. Patients without chest pain had a significantly lower rate of thrombus (53.0% vs. 56.7%, x 2 = 13.33, P = 0.01) and higher mean TIMI flow grade (1.00 vs. 0.94, t = -2.36, P = 0.02) compared to patients with typical chest pain. No significant difference in the number of diseased vessels was found between the two groups [ Table 2 ].
Management and outcomes
During hospitalization, patients without chest pain were significantly less likely to receive aspirin (97.4% vs. 98.0%, x 2 = 8.86, P = 0.01), thienopyridine (97.9% vs. 98.5%, x 2 = 15.62, P < 0.01), statins (97.5% vs. 98%, x 2 = 9.66, P < 0.01), heparin (90.0% vs. 93.3%, x 2 = 29.52, P < 0.01), b-blockers (70.6% vs. 73.2%, x 2 = 9.59, P < 0.01), and primary PCI (64.9% vs. 73.9%, x 2 = 85.66, P < 0.01) than patients with chest pain. Patients without chest pain were significantly more likely to receive an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker (60.9% vs. 58.8%, x 2 = 8.42, P = 0.01) and elective PCI (45.7% vs. 37.3%, x 2 = 63.51, P < 0.01) than patients with chest pain [ Table 3 ].
Patients without chest pain had significantly higher inhospital (3.3% vs. 2.2%, x 2 = 10.57, P < 0.01) and 30day mortality rates (4.1% vs. 2.8%, x 2 = 12.06, P < 0.01) than did those with chest pain. Patients without chest pain also had a significantly higher rate of cardiac shock (4.3% vs. 3.3%, x 2 = 6.19, P = 0.01) and cardiac arrest (2.0% vs. 1.2%, x 2 = 8.05, P < 0.01) during hospitalization than did those with chest pain [ Table 3 ]. After adjusting for age, sex, diabetes, hypertension, hyperlipidemia, previous angina, previous myocardial infarction, previous PCI, previous heart failure, previous coronary artery bypass graft, premature coronary artery disease, systolic blood pressure, heart rate, Killip classification, body mass index, anterior wall infarction, time to hospital admission, cardiac arrest, heart failure, cardiac shock, white blood cell count, and smoking status, atypical symptoms were still an independent predictor of in-hospital mortality in patients with STEMI (odds ratio: 1.36, 95% confidence interval: 1.02-1.83) [ Table 4 ].
Discussion
In analysis of a large-scale, prospective registry, we found that a large proportion of patients with STAMI presented without typical chest pain and had a higher in-hospital mortality rate compared to patients with typical chest pain. However, patients without chest pain had less severe lesions as assessed by angiography compared to patients with typical chest pain. Patients without chest pain had a higher proportion of IRA disease of the RCA, a lower rate of thrombus, and a higher TIMI flow grade compared to patients with chest pain. These characteristics indicated lower risk lesions. Therefore, the worse outcome of patients without chest pain was not due to severity of lesions as assessed by angiography. Patients without chest pain were older, more likely to have diabetes and a higher Killip classification, and were less likely to receive primary PCI compared to patients with typical chest pain. These findings indicated that a poor prognosis of patients without chest pain was associated with baseline characteristics and poor management, but not with angiographic characteristics. Multivariable regression results indicated that atypical symptoms were independent predictors of an increased risk of in-hospital death. Values are presented as n/N (%). STEMI: ST-segment elevation myocardial infarction; ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptors blocker; PCI: Percutaneous coronary intervention.
The major novelty of our study was examining whether angiographic characteristics accounted for a poor prognosis in patients without chest pain. However, lesion characteristics may be associated with atypical symptoms. Sympathetic afferent nerves predominate on the anterior wall and parasympathetic afferent nerves predominate on the inferior and posterior wall. Therefore, left anterior descending coronary artery infarction predominately activates sympathetic pathways, leading to chest pain symptoms, while RCA infarction predominately activates parasympathetic pathways, leading to nausea and emesis. Another mechanism underlying cardiac pain was associated with chemical mediators including acids, adenosine, bradykinin, etc. When these chemical mediators are released into the coronary artery, they excite cardiac afferent fibers and this lead to the sensation of pain. Our finding of patients without chest pain with a higher TIMI flow grade indicated better coronary blood flow and a smaller size of the myocardial infarction. Therefore, the proportion of chest pain may be lower in these patients.
A worse prognosis in patients without chest pain may be associated with baseline patients' characteristics and management. We found that patients with STEMI without typical chest pain were older than those with typical chest pain. Previous studies also indicated that in patients with myocardial infarction [12] [13] [14] and acute coronary syndrome, [15] older patients were more likely to present without chest pain. In addition to atypical symptomatology, older patients were more likely to have comorbidities, multi-organ degeneration, and adverse drug events. [16] Therefore, optimal management of older patients with myocardial infarction is still challenging. Future studies are required to investigate strategies for reducing diagnosis and treatment delays.
Our study showed that the proportion of diabetes was higher in patients without typical chest pain than in those with typical chest pain. Data on clinical presentation of patients with diabetes and AMI are conflicting. Many previous studies showed similar results as in our study in that patients with atypical symptoms had a higher rate of diabetes than did those with typical chest pain. [13] [14] [15] In contrast to our results, another study enrolled 4028 patients with first myocardial infarction from Sweden and found that the prevalence of typical symptom did not differ significantly between two groups. [17] The difference may be explained by study population. Atypical symptoms in patients with diabetes were previously reported to be associated with neuropathies. [19] Patients with diabetes were more likely to have vagal and sympathetic nerve neuropathies, which may affect activation of afferent nerves, and subsequently, perception of symptoms. [18] Prior studies suggested Swedish patients had better glucose control than those from other countries. [19] Therefore it is possible that the proportion of autonomic neuropathy and subsequent atypical symptom presentation was also lower in this population. Previous studies have also reported prolongation of the angina perception threshold in patients with diabetes, which may also explain the atypical symptomatology. [20] Of note, hyperglycemia was associated with higher in-hospital mortality risk in patients with AMI. [21] Consistent with our results, previous studies have shown that patients without chest pain were less likely to receive optimal management, whereas early revascularization was associated with improved outcome in patients with STEMI. [22] Additionally, a time to hospital admission >12 h and a longer door-to-balloon time [23] were more common in patients without typical chest pain than in those with typical chest pain.
This article had certain limitations. First, we only included patients with STEMI. Future studies should expand the study population to enroll patients with non-STEMI. Second, another possible reason for increased mortality in patients without chest pain may be associated with delayed treatment. However, we did not collect data on door to balloon time. Third, the synergy between PCI with Taxus and cardiac surgery (SYNTAX) score was not collected in the registry. This score is an important prognostic factor. Finally, CAMI registry did not collect data on specific diabetes medication.
In conclusion, presentation without chest pain is common in patients with STAMI and is associated with an increased risk of in-hospital mortality. However, the increased mortality risk could not be explained by "high-risk" angiographic features, which indicates that a worse prognosis is associated with baseline patients' characteristics and management, but not with angiographic characteristics. Further study should be conducted to investigate predictors of atypical symptoms and the mechanisms underlying a high in-hospital mortality rate in patients without typical chest pain. 
